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0 IVIethod and apparatus for driving capacitive display device. 



0 This invention performs a gradation display in a 
capacitive display device (13) such as an EL display 
device by means of the pulse width control method 
(PWM method) in every pixel. In such case, it im- 
^ proves the changes of the driving voltage (Vd) in. 
^accordance with time and the reproducibility of the 
^achievable voltage by setting the waveform of the 
^ driving voltage (Vq) applied between a pair of elec- 
^trodes (X. Y) with an dielectric substance between 
^them to change in steps corresponding to gradation 
CD display data (DATA). Thus, in display devices (30, 
of the PAM method, the reproducibility of the 
O waveforms of the voltage (Vo) applied to the pixels is 
improved, and the gradation display comes to be 
Uj stable. 
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METHOD AND APPARATUS FOR DRIVING CAPACITIVE DISPLAY DEVICE 



1. Reld of the Invention 

This invention relates to a method and appara- 
tus for driving a capacitlve display device such as 
an EL (electro luminescent) display device and a 
plasma display device. 

2. Description of the Prior Art 

For example, a double insulation type (or triple 
layer) thin film EL element is composed as follows. 

As shown in Fig. 1. strips of transparent elec- 
trodes 2 made of In203 are formed parallel on a 
glass substrate 1, and an dielectric substance layer 
3a of Y2O3. SisN*, Ti02. M2O2 or the like, an EL 
substance layer 4 made of ZnS doped with an 
activator such as Mn, and a dielectric substance 
layer 3b of Y2O3. SiaN*. Ti02, AI2O3 or the like 
are laminated thereon in a film thickness of 500 to 
10.000 A by thin film fonnlng technique such as 
evaporation and sputtering method sequentially to 
form a triple layer structure, and strips of backside 
electrodes 5 made of Al (aluminum) are formed 
parallel thereon in an orthogonal direction to the 
transparent electrodes 2. 

As the thin film EL element has the EL sub- 
stance 4 held between the dielectric substance 3a 
and 3b placed between the electrodes 2 and 5. it 
may be regarded as a capacitive element from the 
viewpoint of equivalent circuit. This thin film EL 
element is driven, as apparently known from the 
brightness-voltage characteristic shown in Fig. 2, 
by applying a relatively high voltage of about 200V. 
This thin film EL element has such a characteristic 
that it emits light at high brightness by AC electric 
field as well as having a long durability. 

In a display device using such a thin film EL 
element as its display panel, either the transparent 
electrodes 2 or the backside electrodes 5 are used 
as data side electrodes and the others as scanning 
side electrodes. A modulation voltage conrespond- 
Ing to the display data is applied to the data side 
electrodes. On the other hand, a writing voltage is 
applied line-sequentially to the scanning side elec- 
trodes. 

By this drive, the superposing effect or cancel- 
ing effect of the writing voltage and the modulating 
voltage occurs in the intersecting pixel part cor- 
responding to each crossing position, and the driv- 
ing voltage substantially applied to the pixel comes 
to be at the emission threshold or higher, or less 
than the emission threshold. Thus, each pixel is set 
in emission state or non-emission state, and. a 
specified display is obtained. 



Conventionally, in such a display apparatus, in 
the case that gradation display is performed by 
varying the brightness of each pixel In plural steps, 
pulse-width modulation method in which the width 
5 of pulse of the modulation voltage applied to the 
data side electrodes is varied corresponding to the 
gradation display data, and the amplitude modula- 
tion method in which the amplitude of the modula- 
tion voltage is varied corresponding to the grada- 
10 tion display data have been adopted. 

In the pulse width modulation method, for the 
purpose of easy and constant gradation display, 
there is a method of using ramp voltage as the 
modulation voltage applied to the data side elec- 
/5 trodes or the writing voltage applied to the scan- 
ning side electrodes. Meanwhile, "ramp voltage" is 
such voltage that the level of the voltage gradually 
increases or decreases as the time passes. 

Figs. 3 and 4 show the circuit composition to 
20 generate the ramp voltage, respectively, and Figs. 
5 and 6 are timing charts showing the operation of 
the circuits In Fig. 3 and Fig. 4. respectively. 

In a ramp voltage generating circuit shown in 
Fig. 3. a constant cunrent circuit 6 Is a circuit that 
25' supplies constant electric current receiving a start- 
ing signal Von of the ramp voltage from outside, 
and it is connected to one of the terminals of a 
capacitor 7 as well as the power source HVCC. 
The other terminal of the capacitor 7 Is grounded. 
30 A converter 8 is a circuit that outputs the ramp 
voltage Vr corresponding to the charging voltage of 
capacitor 7 as it receives the charging voltage, and 
it is connected to the connecting point A of the 
constant current circuit 6 and the capacitor 7 as 
35 well as the power source HVCC. In addition, be- 
tween the connecting point A and the ground, a 
switch circuit 9 that comes to be in ON state as It 
receives the terminating signal Vqff of the ramp 
voltage from outside is connected. 
40 In this ramp voltage generating circuit, when 

the starting signal Vqn of the ramp voltage shown 
in Fig. 5(1) Is applied, the constant cun^nt circuit 6 
comes to be in ON state a constant cun'ent starts 
to flow in the capacitor 7 through the constant 
45 current circuit 6 from the power source HVCC, and 
the charging voltage of the capacitor 7 increases 
with a specified gradient as the time passes. When 
the specified time has passed and the starting 
signal Vqn of the ramp voltage is discontinued, the 
50 constant current circuit 6 comes to be in OFF state, 
and the charging of the capacitor 7 is terminated. 
Succeedingly, when the terminating signal Vqff of 
the ramp voltage shown in Rg. 5(2) is applied, the 
switch circuit of become to conductive state, and 
the capacitor 7 starts discharging through the 
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switch circuit 9. and the charging voltage of the 
capacitor 7 remarkably decreases. From the con- 
verter 8, the ramp voltage Vr corresponding to the 
Changes in the charging voltage of the capacitor 7 
therein, as shown In Rg. 5(3). Is output. 

In a ramp voltage generating circuit shown in 
Rg. 4, the constant current circuit 6 and the switch 
circuit 9 in Rg. 3 are replaced. When the starting 
signal Vqn of the ramp voltage shown in Rg. 6(1) is 
applied, the switch circuit 9 comes to be in ON 
state, the capacitor 7 is charged through this switch 
circuit 9 from the power source HVCC. and the 
charging voltage of the capacitor 7 rapidly in- 
creases to the voltage of the power source HVCC. 

After the starting signal Vqn of the ramp volt- 
age is discontinued and the switch circuit 9 is cut, 
when the terminating signal Vqff of the ramp volt- 
age shown in Rg. 6(2) is applied, the constant 
current circuit 6 comes to be in ON action, a 
constant electric cunrent starts to be supplied from 
the capacitor 7 through the constant current circuit 
6 to the ground, and the charging voltage of the 
capacitor 7 rapidly decreaes with a specified gra- 
dient as the time passes. From the converter 8. the 
ramp voltage Vr shown in Fig. 6(3) which cor- 
responds to the changes in the charging voltage of 
the capacitor 7 therein is output. 

However, In the case of obtaining the ramp 
voltage Vr by charging and discharging of the 
capacitor 7 as mentioned herein above, as the 
gradient of the ramp voltage Vr . for example, is 
determined by the resistance value of the constant 
cunrent circuit 6 and the capacity of the capacitor 
7. the reproducibility of the waveform of the ob- 
tained ramp voltage Vr is poor due to the differ- 
ences in characteristics of circuit elements such as 
transistors, resistors and capacitors composing the 
ramp voltage generating circuit. Moreover, due to 
the differences in timings for applying the starting 
signal Vqn of the ramp voltage and the terminating 
signal Vqpf of the ramp voltage, the achievable 
voltage of the ramp voltage Vr varies as well, 
which is another problem. 



SUMMARY OF THE INVENTION 

It is hence a primary object of the invention to 
present a method and apparatus for driving a dis- 
play device which enables a superior reproduc- 
ibility of the voltage waveform applied to pixels and 
a stable gradation display in driving a capacitive 
display device for the displaying purpose. 

These object and other object have been at- 
tained by the driving method for a display device 
that display by applying a pulse signal between the 
electrodes of the display device composed of di- 
electric substances placed between a pair of elec- 



trodes, in which the level exceeding the threshold 
to start displaying operation changes as the time 

passes. 

In the driving method of a display device of the 
5 invention, the changes in the level exceeding the 
threshold in the pulse signal is preferably in steps, 
and the average time-course changing rate is se- 
lected to follow a function priorly set in terms of the 
time. 

10 This invention presents a driving method for a 
display device composed of dielectric substances 
placed between plural scanning side electrodes 
and plural data side electrodes aligned in mutually 
crossing directions, wherein a writing voltage is 

IS applied in line-sequentially to the scanning elec- 
trodes, a modulation voltage that changes in pulse 
width corresponding to the gradation display data 
is applied to the data electrodes, and between the 
scanning electrodes and the data electrodes, a 

20 driving voltage of which level exceeding the thresh- 
old for starting the displaying operation changes in 
steps corresponding to the gradation display data 
is applied. 

This invention presents a driving method for a 
25 display device which has dielectric substances 
placed between plural scanning electrodes and plu- 
ral data electrodes aligned In mutually crossing 
directions and perfomns a gradation display by 
applying a modulation voltage that changes in 
30 pulse width corresponding to the gradation display 
data to the data side electrodes as well as applying 
a writing voltage is line-sequentially to the scanning 
electrodes, wherein a voltage having such a 
waveform that gradually Increases its level in steps 
35 is used as the modulation voltage applied to the 
data side electrodes or the writing voltage applied 
to the scanning electrodes. 

In a preferred embodiment, in a driving method 
of a display device composed of dielectric sub- 
40 stances placed between plural scanning side elec- 
trodes and plural data side electrodes aligned in 
mutually crossing directions, a writing voltage is 
applied in line-sequentially to the scanning side 
electrodes, and a modulation voltage that changes 
45 In pulse width corresponding to the gradation dis- 
play data and that changes its level In steps is 
applied to the data side electrodes. 

In a preferred embodiment, in a driving method 
of a display device composed of dielectric sub- 
so stances placed between plural scanning electrodes 
and plural data electrodes aligned In mutually 
crossing directions, a writing voltage that changes 
its level in steps is applied to the scanning side 
electrodes, and a modulation voltage that changes 
55 In pulse width corresponding to the gradation dis- 
play data is applied to the data side electrodes. 

This invention presents a driving apparatus for 
a display device comprising a display element 
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composed of dielectric substances placed between 
plurai scanning electrodes and plural data elec- 
trodes aligned in mutually crossing directions, a 
driving circuit in the scanning side which applies a 
writing voltage in line-sequentially to the scanning 
electrodes, a driving circuit in the data side which 
applies a modulation voltage changing in pulse 
width corresponding to the gradation display data 
to the data electrodes, and a staircase wave gen- 
erating circuit which is formed at least in one of the 
driving circuits in the scanning side and the driving 
circuits in the data side and generates a staircase 
wave to change the waveform of the driving voltage 
applied between the scanning side electrodes and 
the data side electrodes at the level exceeding the 
threshold for performing displaying operation. 

In a driving apparatus for a display device of 
the invention, the driving voltage is chosen to fol- 
low a function that the average time-course chang- 
ing rate of the level is priorly set in terms of the 
time. 

In a preferred embodiment, the staircase wave 
generating circuit comprises a first counter which 
performs calculations based on the data showing 
the gradation of plural bits input in every scanning 
period and the clock signals, a digital-to-analogue 
(D-A) converter which converts the output calcula- 
tion values of the first counter to analogue values, 
and a driving circuit which forms a modulation 
voltage waveform supplied to the data side elec- 
trodes in correspondence with the output of the D- 
A converter. 

In a preferred embodiment, the driving circuit 
applies a modulation voltage which is supplied to 
the display element together with a writing voltage 
and is at tiie threshold level or higher voltage for 
starting the displaying operation or less than the 
threshold level. 

In a prefen-ed embodiment, between the first 
counter and the D-A converter, a conversion circuit 
is connected, which converts the time-course 
changing rate of the driving voltage applied be- 
tween the scanning side electrodes and the data 
side electrodes corresponding to the output cal- 
culation value of the first counter. 

In a preferred embodiment, the conversion cir- 
cuit has a memory and outputs the data priorly 
stored in to the D-A converter corresponding to the 
output calculation value of the first counter. 

In a pretended embodiment, the staircase wave 
generating circuits is formed in the data side driv- 
ing circuit, and such embodiment comprises a cir- 
cuit which generates data showing the gradation of 
plural bits corresponding to each data side elec- 
trode in every scanning period that a writing volt- 
age is applied in line- sequentially to each scan- 
ning side electrode, second counter which per- 
forms calculations based on the clock signals in 



every scanning period of the scanning side elec- 
trodes, a comparator which compares the output 
gradation display data and the output calculation 
values of the second counter to determine the 

5 pulse width of the modulation voltage applied to 
each data side electrode, and a modulation voltage 
forming circuit which forms and supplies the modu- 
lation voltage waveform in steps to each data side 
electrode in correspondence with the output of the 

w comparator and the output of the staircase wave 
generating circuit. 

In a preferred embodiment, the scanning side 
driving circuit includes the staircase wave generat- 
ing circuit, and applies a superposed voltage of the 

;5 writing voltage and the staircase wave voltage to 
each scanning side electrode in a line-sequentially 
in each scanning period. 

According to the invention, as a voftage having 
a waveform of levels changing in steps is applied 

20 to the data side electrodes or the scanning side 
electrodes as a modulation voltage or a writing 
voltage, the reproducibility of the waveforms of a 
modulation voltage or a writing voltage is not dete- 
riorated due to the differences in characteristics of. 

25 circuit elements. In addition, the differences In 
starting timings and terminating timings of the 
modulation voltage or the writing voltage do not 
affect the achievable voltage, the reproducibility of 
voltage waveforms applied to pixels is Improved, 

30 and the gradation display comes to be stable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 These objects and other objects, characteris- 
tics and advantages of the invention will be better 
understood through a detailed description and 
drawings herein below. 

Rg. 1 is a partially cut-away perspective 
40 view of a thin film EL element 

Fig. 2 is a diagram showing a relative 
brightness-applied voltage characteristic of a thin 
film EL element. 

Fig. 3 is a block diagram schematically 
45 showing a composition example of a conventional 
ramp voltage generating circuit. 

Fig. 4 is a block diagram schematically 
showing a composition example of the other con- 
ventional ramp voltage generating circuit. 
50 Fig. 5 is a timing chart showing the operation 

of the ramp voltage generating circuit in Fig. 3. 

Rg. 6 is a timing chart showing the operation 
of the ramp voltage generating circuit in Rg. 4. 

Fig. 7 is a block diagram showing the basic 
55 composition of a display apparatus. 

Fig. 8 is a block diagram showing the basic 
composition of a staircase wave generating circuit 
of one of the embodiments of the invention. 
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Fig. 9 is a timing chart showing the operation 
of the staircase wave generating circuit in Fig. 8. 

Fig. 10 is a block diagram showing the com- 
position of a display apparatus 30 of one of the 
embodiments of the invention. 

Rg, 11 is a timing chart showing the opera- 
tion of setting a gradation width of a display ap- 
paratus 30. 

Rg. 12 is a waveform diagram showing vol* 
tages applied to a display apparatus 30 in grada- 
tion display drive. 

Fig. 13 is a wave form diagram explaining 
the current flowing in a light-emitting layer. 

Fig. 14 is a block diagram showing the com- 
position of a display apparatus 31 of the other 
embodiment of the invention. 

Fig. 15 is a waveform diagram showing vol- 
tages applied to a display apparatus 31 in grada- 
tion display drive. 

Fig. 16 is a block diagram showing the other 
composition example of a staircase wave generat- 
ing circuit. 

Rg. 17 is a timing chart showing the opera- 
tion of a staircase wave generating circuit in Rg. 
16. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Refering now to the drawings, preferred em- 
bodiments of the invention are described in detail 
below. 

Fig. 7 is a block diagram showing the basic 
composition of a display apparatus. Scanning side 
electrodes Y of a display part 13 are connected to 
a scanning side driving circuit 12. On the other 
hand, data side electrodes X of the display part 13 
are connected to a data side driving circuit 14. To 
the scanning side driving circuit 12 and the data 
side driving circuit 14. a display control circuit 15 is 
connected, which controls the operations of the 
circuits 12 and 14. 

The data side driving circuit 1 4 has a function 
that can set the pulse width of modulation voltage 
applied to each data side electrode X according to 
the gradation display data supplied from a display 
control circuit IS. The scanning side driving circuit 
12 has a function of applying a writing voltage to 
the scanning side electrodes Y in a line-sequen- 
tially. 

Rg. 8 is a block diagram showing the basic 
composition of a staircase wave generating circuit 
generating a staircase wave voltage Vs . A counter 
16 is a circuit to count the clock signal ^ for 
gradation supplied from the display control circuit 
15, and has a function to output, for example, the 
counted value as binary cords "03. 02. 01, OO" of 



four bits. 

In the succeeding stage of the counter 16, a 
digital- to-analogue converter (D-A converter) 17 
converting the outputs "03. 02. 01, 00" of four 

5 bits into analogue signals, that is, voltages Va , is 
connected, and a power source HVCC is supplied 
to this D-A converter 17. The output Va from the D- 
A converter 17 is converted to a staircase wave 
voltage Vs by a converter 18 supplied with elec* 

10 tricity by the power source HVCC. 

The converter 18 is realized by a MOS transis- 
tor of P channel, for example, as shown in Fig. 8, 
and the output terminal of the D-A converter 17 is 
connected to the gate G of this transistor, the drain 

15 0 is supplied with the power source HVCC, and the 
source 8 is connected to the output stage of the 
aforementioned data side driving circuit 14 or the 
scanning side driving circuit 12 (see Fig. 7). 

Fig. 9 is a timing chart showing the operation 

20 of the staircase wave generating circuit. In the case 
that the staircase voltage Vs is supplied to the 
output stage of the data side driving circuit 14 
shown in Rg. 7. when the application of the writing 
voltage - Vw (= -V,h. where Vth is a voltage of 

25 emission threshold) is started to one scanning side 
electrode Y chosen by the scanning side driving 
circuit 12. the counter 16 of the staircase wave 
generation circuit shown in Fig. 8 simultaneously 
starts counting the clock signals <t> (see Fig. 9(1)) 

30 for gradation. Thereby, the clock signals ^ for 
gradation are devided into the output wavefonms 
00 to Q3 shown in Fig. 9(2). The outputs "03. 02, 
01. QO" are the counted values of the clock sig- 
nals 0 for gradation expressed by binary cords of 

35 four bits, and from the D-A converter 17 to which 
the four-bit data is input a voltage Va in a level 
corresponding to the input data is output. 

In other words, as shown in Fig. 9(3), the 
output voltage Va of the D-A converter 17 has such 

40 a waveform in steps that it increases one step 
every time when the counter 16 counts a clock 
signal 4> for gradation. Therefore, a voltage Vs 
output from the source S of the P-channel MOS 
transistor 18 of the succeeding stage which re- 

45 ceives the output voltage Va as a gate voltage 
changes according to the voltage Va as well, and 
thereby, the output voltage Vs can be obtained as 
a similar staircase wave to the voltage Va In the 
case of neglecting the reduction in voltage between 

50 the gate and the source of the transistor 18. The P- 
channel MOS transistor 18 should have a sufficient 
capacity for supplying electricity, and the output 
voltage Vs of the source should not change through 
a load of the succeeding stage. 

56 In the case that the staircase wave voltage Vs 
obtained in such manner is supplied to the output 
stage of the data side driving circuit 14, it is 
applied to the data side electrodes X as a modula- 
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tion voltage Vm. On the other hand, in the case that 
it is applied to the output stage of the scanning 
side driving circuit 12. for exannple. the staircase 
wave voltage Vs is superposed by the writing volt- 
age - Vw and is applied to the scanning side 
electrodes Y. 

Theoretically, by forming the counter 16 and 
the other circuits as power source circuit of each 
data side driving circuit 14 and setting the grada- 
tion display data supplied by the display control 
circuit 15 (see Fig. 7) in correspondence with each 
data side electrode X as a load value of the coun- 
ter 16. when the counting value reaches the load 
value of the gradation display data, the counter 16 
is cleared, and then, the staircase wave voltage Vs 
is lowered as well. Thus, the staircase wave voltage 
Vs with a pulse width corresponding to the grada- 
tion display data is applied to the data side elec- 
trodes X from the data side driving circuit 1 4 as a 
modulation voltage Vm. 

Fig. 10 is a block diagram showing the elec- 
trical composition of a display apparatus 30 of the 
embodiments of the invention. In the embodiment, 
the staircase wave generating circuit is composed 
as a part of the data side driving circuit 1 4. and the 
back edge of the staircase wave voltage Vs ob- 
tained is set by cutting off according to the grada- 
tion display data DATA. The display device 30 is, 
for example, an EL display device, and the display 
part 13 forming the EL display panel is composed 
of, for example, thin film EL (electroluminescent) 
elements of double insulated type (see Rg. 1) 

Meanwhile, each pixel in the display part 13 is 
expressed equivalentty in a capacitor C. Plural data 
side electrodes XI, X2. ... Xn-1. Xn (shown by a 
reference sign X in general) are connected to the 
data side driving circuit 14. Plural scanning side 
electrodes Y1. Y2, ... Ym-l. Ym (shown by a refer- 
ence sign Y in general) aligned in a direction of 
mutually crossing with the data side electrodes X1 
to Xn are connected to the scanning side driving 
circuit 12. 

In the scanning side driving circuit 12, an out- 
put port 25 is connected individually to the scan- 
ning side electrodes Yl to Ym, and through the 
output port 25, a writing voltage - Vw is selectively 
applied to the scanning side electrodes Yl to Ym 
from a power source circuit 27 via a driver 28. A 
shift resister 26 is connected to each output port 
25. Synchronized with the clock signal CKL3 from 
the .scanning side display control circuit 1 1 . a scan- 
ning data S-DAT which designates the scanning 
side electrodes Yl to Ym line-sequentially is trans- 
mitted to the shift resister 26. and thereby, each 
output port 25 comes to be in ON action line- 
sequentially according to the scanning side elec- 
trodes Yl to Ym. 

On the other hand, in the data side driving 



circuit 14, an output port 39 is connected individ- 
ually to the data side electrodes XI to Xn. and 
through the output port 39. a modulation voltage 
Vm is applied to the data side electrodes XI to Xn 

5 from a power source circuit 20 via a transistor 18. 
In addition, according to a setting state of the 
output port 39, the data side electrodes XI to Xn 
are clamped to the ground. 

These output ports 39 are connected to a com- 

10 parator 21. This comparator 21 is connected to a 
shift register 23 through a latch circuit 22. The shift 
register 23 shifts the gradation display data DATA 
input in synchronization with the clock signal CLKl 
from the data side display control circuit 10, and 

/5 transmits, for example, a gradation display data 
DATA expressed by pallarel data of four bits in 
correspondence with each of the data side elec- 
trodes XI to Xn. After being transmitted by the 
shift register 23, the gradation display data DATA 

20 is latched in the latch circuit 22 according to the 
latch signal LE from the data side display control 
circuit 1 0 and supplied to the comparator 21 . 

The comparator 21 compares the pallarel data 
of four bits supplied from the counter 24 with the 

25 gradation display data DATA supplied from the 
latch circuit 22. and functions to determine the 
pulse width of the modulation voltage Vm corre- 
sponding to the gradation display data DATA. 
Fig. 11 is a timing chart showing the basic 

30 Operation of the EL display apparatus 30 shown In 
Fig. 10. To the shift register 23 of the data side 
driving circuit 14. the gradation display data DATA 
is transmitted in a shape of a binary cord of four 
bits in synchronization with the clock signal CLKl. 

35 The gradation display data DATA In four bits is 
temporarily held in the latch circuit 22. In such 
state, in the case that a clear signal CLR remaining 
input in the comparator 21 and the counter 24 is 
released at a time t1 as shown in Rg. 11(1), the 

40 data electrode X corresponding to data "0" out of 
the gradation display data held in the latch circuit 
22 is clamped to the ground, and the data side 
electrodes X con'esponding to the other data are all 
drawn to the modulation voltage Vm- 

45 For example, such a case is supposed that 
gradation display data "0". '*2*\ "4", "7" are sup- 
plied to the output ports 39 corresponding to the 
data side electrodes XI, X2, Xn-1. Xn of the data 
side driving circuit 14. In this case, the output port 

50 39 of the data side electrode X1 is clamped to the 
ground simultaneously with the release of the clear 
signal CURT, and the wave form comes to have a 
shape as shown in Rg. 1 1 (3). In other words, the 
gradation width is set at zero. 

55 In the output port 39 of the data side electrode 
X2, the counted value of the clock signal CLK2 
(see Fig. 11(2)) counted by the counter 24 Is com- 
pared with the gradation display data "2" by the 
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comparator 21. and at a timing (time t2) when the 
counted value comes to be "2", it is clamped to 
the ground and a gradation width T2 of a waveform 
shown in Fig. 11 (4) is set. 

Similarly, the output port 39 of the data side 
electrodes Xn-1 is clamped to the ground at a 
timing (time t3) when the counted value of the 
counter 24 comes to be "4", and a gradation width 
T4 of a waveform shown in Fig. 1 1(5) is set. 

In regard to the output port 39 of the data side 
electrode Xn. it is clamped to the ground as well at 
the timing (time t4) when the counted value of the 
counter 24 comes to be "7". and a gradation width 
T7 of a waveform shown in Fig. 1 1 (6) is set. 

Therefore, the modulation voltage with a 
pulse width equivalent to the gradation display data 
"0". "2". "4", "7" are applied to each of the data 
side electrodes XI . X2, Xn-1 and Xn. 

On the other hand, in the scanning side driving 
circuit 12, while the clear signal CLR is released in 
the data side driving circuit 14. only one of all 
output ports 25 comes to be in ON action, and the 
writing voltage • Vw is applied only to one scanning 
side electrode Y selected in correspondence with 
this. 

By a succession of the aforementioned actions 
In accordance to the line sequence of the scanning 
side electrodes Y. pixels positioned on each scan- 
ning side electrode Y emit a light at a brightness 
corresponding to the gradation display data DATA, 
or stops the emission of light, and as a whole, an 
image with a gradation in brightness is displayed. 

A driving voltage Vq applied to the pixel cor- 
responding to the crossing position of the scanning 
side electrode Y to which the writing voltage • Vw 
is applied and the data side electrode X to which 
the modulation voltage Vm is applied comes to 
have a waveform shown in Fig. 12(3) based on the 
scanning side electrode Y. 

In the waveform of the driving voltage Vo. the 
shaped area exceeding the emission threshold volt- 
age V,h corresponds to the part where the modula- 
tion voltage Vm in steps shown in Fig. 12(1) super- 
poses on the writing voltage - Vw (= -Vih), and 
thus, the pixels emit lights at a brightness accord- 
ing to the gradation display data. The modulation 
voltage Vm has a pulse width T according to the 
gradation display data DATA, and as shown in Fig. 
12(1). it can be changed up to the highest level VH 
allowed by the output voltage from the power 
source circuit 20 in Fig. 10. 

As apparently known from the wave form of the 
driving voltage Vd shown in Fig. 12(3). in the case 
of such driving method, the modulation voltage V^ 
increases in steps synchronizing with the clock 
signal CLK2 for gradation, and as in the period of 
one step, the timing for cutting off the modulation 
voltage V^ is also determined by the gradation 



width T determined in accordance to the counter 
24 counting In synchronization with the clock signal 
CLK2, achievable voltages of the driving voltage Vq 
never vary. Moreover, since a ramp wave form by 

5 charging and discharging of a capacitor is not used 
as the modulation voltage Vm, differences in levels 
of the modulation voltage Vm (variation of dVi>dt of 
a ramp waveform) caused by the differences in 
characteristics of the elements composing the cir- 

10 cuit do not occur as in the case of a ramp 
waveform, the modulation voltage Vm comes to be 
stable, and therefore, a stable gradation display 
can be realized. 

In the case that the driving voltage Vq applied 

15 to the corresponding pixels has such a waveform 
as shown by a solid line in Rg. 13(1) . the 
waveform of the electric current of the power 
source, as shown In Rg. 13(2). comes to have a 
longer feed time after the driving voltage Vo comes 

20 to be at the emission threshold voltage V,h or 
higher voltages. Moreover, the driving voltage Vo Is 
not a square wave, and as it comes to have such a 
waveform that the writing voltage Vw of a square 
wave and a modulation voltage Vm having 

25 waveform in steps are superposed, the electric 
current of the power source smoothly reduces with- 
out being a peak current. 

Such tendency is directly reflected in the elec- 
tric current flowing in the emission layer of the 

30 pixel, and as shown In Fig. 13(3). the waveform of 
the electric current is controlled to have a lower 
peak value and smoothly reduces to have a 
waveform with a longer feed time. 

On the other hand, by setting the pulse width 

35 of the modulation voltage Vm in steps at a shorter 
width dividing it into some steps as shown by a 
single-dotted broken line 21 in Fig. 13(1). the feed 
time of the electric current flowing in the emission 
layer of the pixel shown in Fig. 13(3) can be also 

40 shortened. 

Generally, the brightness level of a light emit- 
ted from a emission layer such as an EL substance 
is proportional to the level of the electric current 
running in the emission layer and the length of the 

45 feed time. Therefore, in this case, since the feed 
time of the electric current running in the emission 
layer of pixels is longer than the conventional case, 
the range of changeably setting the pulse width of 
the modulation voltage Vm, that is. the effective 

50 motion range shown with a reference sign t in Rg. 
13 (1) is wider, and the gradation display in mul- 
tiple stages corresponding to the number of output 
bits of the counter 16 can be performed easily and 
precisely. 

55 In addition, as the peak value of the electric 
current running in the emission layer of pixels Is 
controled to be at a low value, the cunrent value at 
the brightness in each gradation stage comes to be 
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low. and the gradation in each stage can be stably 
displayed without any remarkable changes In 
brightness due to errors In pulse widths of the 
modulation voltage Vm- 

Rg. 14 is a block diagram showing a display 
apparatus 31 , where in the staircase wave generat- 
ing circuit shown in Fig. 8 is composed as a part of 
the scanning side driving circuit 12. and the stair- 
case wave voltage - Vs obtained is used in super- 
position with the writing voltage - Vw ( = -y,h). Fig. 
15 is a waveform diagram showing the voltages 
applied in driving the gradation display. 

In the data side driving circuit 14 of the display 
apparatus 31 shown in Fig. 14. a modulation volt- 
age Vm is supplied to the output port 39 connected 
individually in correspondence with the data side 
electrodes XI to Xn from the power source circuit 
32 through the modulation driver 33, 

On their other hand, in the scanning side driv- 
ing circuit 12, a voltage - (Vih - Vh) Is supplied to 
the output port 25 connected individually in cor- 
respondence with the scanning side electrodes Y1 
to Ym from the power source circuit 38 through the 
writing driver 37. and a staircase wave voltage - Vs 
from the staircase wave generating circuit is super- 
posed on the voltage - {V,h • Vh to make a voltage 
-Vw. 

In the staircase wave generating circuit, the 
counter 16 counts based on the clock signal CLK2 
from the data side display control circuit 10, and 
supplies a binary cord output of four bits to the D-A 
converter 17. To the D-A converter 17. a voltage - 
Vh is supplied from the power source circuit 34. 
and the digital signal output from the counter 16 is 
converted Into a staircase wave voltage Va and is 
supplied to the conveter 18. For example, a voltage 
- Vh from the power source circuit 34 is also 
supplied to the converter 18 composed by a MOS 
transistor of P channels and the like, and a stair- 
case wave voltage - Vs corresponding to the output 
voltage of the D-A converter 17 is supplied to each 
output port 25. 

At the connection 40 of the D-A converter 17 
and the converter 18, a power source circuit 34 is 
connected through a capacitor 35 and is grounded 
through a switch circuit 36. In the switch circuit 36, 
a control signal Vqff is supplied from the scanning 
side control circuit 1 1 . 

Therefore, the converter 18 receives the charg- 
ing voltage (the electric potential of the connection 
40 of the D-A converter 17 and the capacitor 35) of 
the capacitor 35 and outputs a voltage - VS cor- 
responding to that electric potential. The switch 
circuit 36 comes to be in ON state by the control 
signal Voff supplied from the scanning side control 
circuit 11. the connection 40 is lowered to the 
ground level, and the output voltage - Vs from the 
converter 18 to the output port 25 is cut off. 



In such case, the modulation voltage Vm is 
applied to the data side electrode X (Fig. 14) as a 
short wave with a pulse width corresponding to the 
gradation display data as shown In Fig. 15(1). On 

5 the other hand.k the writing voltage -Vw is applied, 
as shown in Fig. 15(2). in such a waveform that a 
negative staircase wave voltage - Vs is superposed 
on a specific voltage of - (V,h - Vh) (where Vh is the 
highest level of the staircase wave voltage Vs) to 

10 the scanning side electrode Y (Fig. 14). Therefore, 
the wave form based on the scanning side elec- 
trode Y of the driving voltage Vo applied to the 
corresponding pixel comes to have such a 
waveform as shown in Fig. 15(3). 

/5 in the waveform of the driving voltage Vo . the 
voltage area at the emission threshold voltage V|h 
or higher voltages is equivalent to the superposing 
part of the staircase wave voltage Vs. In such case, 
though in the voltage area at the emission thresh- 

20 old voltage V|h or lower voltages, a waveform dif- 
ferent from the wave form shown in Rg. 12(3) Is 
generated in some parts, as in the voltage area at 
the emission threshold voltage Vth or higher vol- 
tages contributing directly to the emission of lights 

25 from the pixels, the waveforms are same as shown 
in Fig. 12(3). no problem is caused. 

Fig. 16 is a block diagram showing the basic 
composition of the other staircase wave generating 
circuit having a different composition from that of 

30 the staircase wave generating circuit shown In Fig. 
8. In the circuit shown in Fig. 16, a memory 19 is 
placed and connected between the counter 16 and 
the D-A converter 17 of the circuit shown in Fig. 8. 
and the other composition is same as In Fig. 8. 

35 The memory 19 realized by a read-only-mem- 
ory (ROM), a read-write-memory (RWM) and the 
like receives the outputs "03. 02, 01, OO" of the 
counter 16 as address designating signals "A3, A2, 
A1. AO", and functions to send data "03. 02. 01, 

40 DO" of four bits to the D-A converter 17 in the 
succeeding stage, and in each storing area, data is 
priorly stored in order to output the desired stair- 
case wave voltaqie Va corresponding to the outputs 
"03.02.01,00 of the counter 16. 

45 Fig. 17 Is a timing chart showing the operation 
of the staircase wave generating circuit shown in 
Fig. 16. The clock signal for gradation shown in 
Fig. 17(1) and the output waveform of the counter 
16 shown in Fig. 17(2) are same as in the case of 

50 Fig. 9. 

In such case, as the outputs "03. 02. 01. 00" 
of the counter 16 are entered into the D-A con- 
verter 17 by the memory 19 in such a form that 
they are converted to different data "D3, D2, Dl, 
55 DO" corresponding to the outputs, from the D-A 
converter 17. for example, as shown in Fig. 17(3). a 
staircase wave voltage Va different in the average 
changing rate of increase of the voltage level from 
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the case shown in Fig. 9(3) can be obtained. In 
other words, in this staircase wave generating cir- 
cuit by placing the memory 19, a desired staircase 
wave voltage Va can be generated. Such composi- 
tion of placing the memory 19 is effective espe- 
ciaify in such case that the brightness level of 
emitted lights is adjusted to be equally divided in 
consideration of sight characteristics of a human 
eye for the purpose of gradation display. 

In the embodiments described above, such 
case has been explained that the outputs of the 
counter 16 or the memory 19 are a number of bit. 
for example, four bits corresponding to that of the 
gradation display data DATA to output the staircase 
wave voltage Va of the 16 steps from the D-A 
converter 17. but the bit number is not thus limited 
and may be set at a desirable number according to 
the gradation degree of the gradation display. 

In addition, in regard to the D-A converter 17. 
such case has been explained that the output volt- 
age, that is the staircase wave voltage Va increases 
as the counted value of the counter 16 increases, 
but reversely, the D-A converter may have such a 
function that the staircase wave Va output from the 
0-A converter decreases as the counted value in- 
creases. 

In the embodiment, the case of the writing 
voltage Vw of negative polarity is explained, this 
invention is applicable to the case of the writing 
voltage Vw of positive polarity. In other words, in 
case of Rg. 10 as the writing voltage Vw of positive 
polarity from the power source 27a is supplied to 
the output port 25 tlirough the writing driven 28a, 
the writing voltage Vw is applied to scanning side 
electrode Y1 - Ym line-sequentially in according to 
each output port 25 which achieve ON action by 
shiftregister 26. 

Moreover, although in the foregoing embodi- 
ments, the invention has been explained in such 
case that the EL display device is driven, it is not 
limited to this but is also applicable in driving a 
plasma display, a liquid crystal display device and 
other capacitive display devices. 

The invention may be embodied in other spe- 
cific forms without departing from the spirit or 
essential characteristics thereof. The present em- 
bodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the ap- 
pended claims rather than by the foregoing de- 
scription and all changes which come within the 
meaning and the range of equivalency of the 
claims are therefore Intended to be embraced 
therein. 

There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 



application. Irrespective of whether or not they are 
included within the scope of the following claims. 



5 Claims 

1, In a method for driving display devices (30, 
31) which display by applying a pulse signal (Vq ) 
between the electrodes (X, Y) of a display appara- 

10 tus composed by placing an dielectric substance 
between a pair of electrodes (X. Y) . the method 
comprising the action, that the pulse signal (Vo ) 
changes its level of exceeding the threshold (V,h) 
where the display action starts as the time passes. 

IS 2. A method for driving display devices (30, 31) 
according to claim 1. wherein changes in level of 
exceeding the threshold (V,h) in the pulse signal 
(Vd ) are in steps, and the average time-course 
changing rate is selected so as to follow a function 

20 priorly specified in terms of the time. 

3. In a method for driving a display device (13) 
composed by placing an dielectric substance be- 
tween plural scanning side electrodes (Y1 to Ym) 
and plural data side electrodes (XI to Xn) aligned 

25 in mutually crossing directions, the method com- 
prising the action that a writing voltage (Vm) Is 
applied line-sequentially to the scanning side elec- 
trodes (Y1 to Ym) , a modulation voltage (Vm) 
changing in pulse width (T) in correspondence with 

30 a gradation display data (DATA) Is applied to the 
data side electrodes (XI to Xn), and between the 
scanning side electrodes (Y1 to Ym) and the data 
side electrodes (XI to Xn) , a driving voltage (Vo) 
of which level of exceeding the threshold (Vth) for 

35 starting the display action changes in steps in 
correspondence with the gradation display data 
(DATA). 

4. In a method for driving display devices (30. 
31) in which an dielectric substance is placed be- 

40 tween plural scanning side electrodes (Yl to Ym) 
and plural data side electrodes (XI to Xn) aligned 
in mutually crossing directions, a modulation volt- 
age (Vm ) changing in the pulse width (T) in cor- 
respondence with a gradation display data (DATA) 

45 is applied to the data side electrodes (XI to Xn) 
and a writing voltage (Vw) is applied in a linear 
sequence to the scanning side electrodes (Yl to 
Ym) in order to perform a gradation display, the 
method comprising the action: 

50 that a voltage having waveform with its level gradu- 
ally changing in steps is used as the modulation 
voltage (Vm) applied to the data side electrodes (XI 
to Xn). or the writing voltage (Vm) applied to the 
scanning side electrodes (Yl to Ym). 

55 5, In a method for driving display devices (30. 
31) composed by placing an dielectric substance 
between plural scanning side electrodes (Yl to Ym) 
and plural data side electrodes (XI to Xn) aligned 
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in mutually crossing directions, the method com- 
prising the action; 

that a writing voltage (Vw) is applied line-sequen- 
tially to the scanning side electrodes (Y1 to Ym) . 
and a modulation voltage (Vm) changing its pulse 
width (T) in correspondence with a gradation dis- 
play data (DATA) and its level in steps is applied to 
the data side electrodes (Xl to Xn). 

6. In a method for driving display devices (30. 
31) composed by placing an dielectric substance 
between plural scanning side electrodes (Yl to Ym) 
and plural data side electrodes (XI to Xn) aligned 
in mutually crossing directions, the method com- 
prising the action; 

that a writing voltage (Vw) changing its level in 
steps corresponding with a gradation display data 
(DATA) is applied to the scanning side electrodes 
(Yl to Ym). and a modulation voltage (Vm) chang- 
ing its pulse width (T) in correspondence with the 
gradation display data (DATA) is applied to the 
data side electrodes (XI to Xn) 

7. An apparatus for driving display devices (30 
and 31) comprising: 

a display element (13) composed by placing an 
dielectric substance between plural scanning side 
electrodes (Yl to Ym) and plural data side elec- 
trodes (XI to Xn) aligned in mutually crossing 
directions, 

a scanning side driving circuit (12) applying a writ- 
ing voltage (Vw) In a linear sequence to the scan- 
ning side electrodes (Yl to Ym), 
a data side driving circuit (14) applying a modula- 
tion voltage (Vm ) which changes Its pulse width (T) 
in correspondence with a gradation display data 
(DATA) to the data side electrodes (X1 to Xn), 
a staircase wave generating circuits (16 to 19) 
fomned at least in one of the scanning side driving 
circuit (12) and the data side driving circuit (14) 
and generating a staircase wave in order to change 
the wave form of a driving voltage (Vo) applied 
between the scanning side electrodes (Yl to Ym) 
and the data side electrodes (Xi to Xn) at a level of 
exceeding the threshold (V,h) for starting display 
action in steps in correspondence with the grada- 
tion display data (DATA). 

8. An apparatus for driving display devices (30 
and 31) according to claim 7, wherein the driving 
voltage (Vd) is selected in such a manner that the 
average time-course changing rate in its level fol- 
lows a function priorly specified in terms of the 
time. 

9. An apparatus for driving display devices (30 
and 31) according to claim 7. wherein the staircase 
wave generating circuits (16 to 19) comprise a first 
counter (16) which calculates based on data 
(DATA) expressing the gradation of plural bits en- 
tered in each scanning period and a clock signal 
(CLK2). a digital-to-^analogue converter (17) which 



converts the output calculated value of the first 
counter (16) into an analogue value, and a driving 
circuit (18) which forms the waveform of a modula- 
tion voltage (Vm) supplied to the data side elec- 
5 trodes (XI to Xn) responding to the output of the 
D-A converter (17). 

10. An apparatus for driving display devices 
(30, 31) according to claim 9. wherein the driving 
circuit (18) applies a modulation voltage (Vm) which 

10 is supplied to a display element (13) together with 
a writing voltage (Vw) and is at the threshold (Vth) 
level or higher, or less than the threshold (V,h) level 
to the data side electrodes (XI to Xn). 

11. An apparatus for driving display devices 
/5 (30. 31) according to claim 9. wherein a conversion 

circuit (19) which converts the time-course chang- 
ing rate of the driving voltage (Vo ) applied be- 
tween the scanning side electrodes (Yl to Ym) and 
the data side electrodes (XI to Xn) in response to 
20 the output calculated value of the first counter (16) 
is placed between the first counter (16) and the D- 
A converter (17). 

12. An apparatus for driving display devices 
(30, 31) according to claim 11, wherein the conver- 

25 sion circuit (19) has a memory function, and data 
(DO to D3) priorly stored are sent out to the D-A 
converter (17) in response to the output calculated 
value of the first counter (16). 

13. An apparatus for driving display devices 
30 (30 31) according to claim 7, comprising further: 

staircase wave generating circuits (16 to 19) 
formed in the data side driving circuit (14), 
circuits (10, 22. 23) generating data (DATA) which 
expresses the gradation of plural bits in correspon- 

35 dence with each of the data side electrodes (XI to 
Xn) in every scanning period in which a writing 
voltage (Vw) is applied In a linear sequence to each 
of the scanning side electrodes (Yl to Ym). 
second counter (24) performing a calculation In 

40 each scanning period of the scanning side elec- 
trodes (Y1 to Ym) based on the clock signal 
(CLK2), 

a comparator (21) which compares the output of 
the gradation display data (DATA) with the output 
45 of the calculated data of the second counter (24) to 
determine the pulse width (T) of a modulation volt- 
age applied to each of the data side electrodes (XI 
toXn) 

and a modulation voltage forming circuit (39) for- 
50 ming and supplying a waveform of the modulation 
voltage (Vm ) in steps to the data side electrodes 
(XI to Xn) in response to the output of the com- 
parator (21) and the output of the staircase wave 
generating circuits (16 to 19). 
55 14. An apparatus for driving display devices 
(30. 31) according to claim 7, wherein the scanning 
side driving circuit (12) includes the staircase wave 
generating circuits (16 to 19). and a voltage {Vw + 
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V,), a superposition of a writing voltage (Vw) on a 
staircase wave voltage (Vs) is applied in a linear 
sequence to the scanning side electrodes (Y1 to 
Ym) in every scanning period. 

15. A drive circuit for a capacitative display s 
device having an array of display elements each 
comprising a dielectric display material disposed 
between opposed electrodes, wherein control 
means is provided for effecting display gradation of 
a said display element by controlling the signals to 
applied to the electrodes so that the amount by 
which the voltage across said electrodes exceeds 
the display threshold voltage increases in a step- 
wise fashion over a period which is predetermined 
In accordance with the desired display gradation. ts 
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